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COMPOUNDS FORMED FROM TWO OR 
THREE ANTIBIOTICS AND THEIR 
PROCESSES OF PREPARATION 

CROSS-REFERENCE TO PRIOR 
APPLICATIONS 

This application is a continuation-in-part of US. appli 
cation Ser. No. 09/304,715 ?led May 4, 1999 ABN Which 
claimed the bene?t of US. Provisional Application No. 
60/084,586 ?led May 7, 1998. 

BACKGROUND OF THE INVENTION 

The present invention is concerned With an improved 
process for forming a single composition from tWo 
antibiotics, e.g., from Quinolone antibiotics and Beta-lactam 
antibiotics, as Penicillin and Cephalosporin types, and also 
With the addition of steps to add a third antibiotic component 
to the bi-component composition, the third (3”) antibiotic 
draWn from the group Vancomycin, Erythromycin, 
AZithromycin, an Aminoglycoside as Gentamycin, A 
Tetracycline, Clindamycin, and Chloramphenicol. 

The value of a composition Wherein a trio of individual 
antibiotics are joined is that the bacterial infective agent Will 
simultaneously be attacked by agents Which are knoWn to 
attack the cell-Wall producing enZyme of the bacteria, and 
inhibit the DNA gyrase enZyme, and inhibit the enZyme that 
controls bacterial protein synthesis. 

The value of this composition of three antibiotic func 
tional types is that it Will further be seen that resistant strains 
Will be very unlikely to develop due to the necessity of 
simultaneously overcoming three attacking agents. 

There is evidence for this statement in the present day 
success of several cocktails—combinations—of drugs 
Which are being utiliZed to treat AIDS patients, TB patients 
and other similar examples. In the case of the AIDS virus, a 
combination of tWo retroviral inhibitors, as AZT and DDI 
are being employed plus one of several viral protease 
inhibitors as invirase. In the case of TB patients a cocktail of 
four drugs is being utiliZed successfully to overcome resis 
tant TB strains. Further, White, US. Pat. No. 5,281,703, has 
shoWn that a composition containing a Cephalosporin and a 
Quinolone antibiotic is very effective in treating certain 
pneumonias. Pirie, US. Pat. No. 4,351,840, has also shoWn 
that the composition of a Penicillin With a Beta-lactam 
protective inhibitor enhances the value of Penicillin. 

In US. Pat. No. 5,693,791, Whose disclosure is incorpo 
rated by reference herein, I have disclosed the process of 
linking a Wide variety of antibiotic moieties, tWo at a time, 
using diisocyanates, dianhydrides, diacid chlorides, 
diepoXides, carbodiiamides and the like as the linking 
reagents. 

There are prior for linking tWo antibiotics into a single 
composition, e.g., quinolone antibiotics With the beta 
lactam, cephalosporin. HoWever, the processes are complex: 
the reagents are dangerous; and they are all eXpensive. They 
are compared in the folloWing table: 

1. White, NorWich Eaton Pharmaceutical, US. Pat. No. 
5,180,719 
A. Links quiniolines and cephalosporins 
B. Linking agent—phosgene 
C. Synthesis steps—multiple 
D. Activity—good, human tests 
E. Cost—high 

2. Albrecht, Hoffman-LaRoche, US. Pat. No. 5,336,768 
A. Links quinolones and cephalosporins 
B. Linking agent—phosgene 
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2 
C. Synthesis steps—multiple 
D. Activity—good, human tests 
E. Cost—high 

3. Machida, Eisai (Japan), US. Pat. No. 4,546,176 
A. Links cephalosporin With substituted quinolone 

nucleus (not quinolone antibiotic) 
B. Linking agent—acid chloride of quinolone 
C. Synthesis—multi-step 
D. Activity—good 
E. Cost—high 

4. Arnold, ICI, US. Pat. No. 5,232,918 
A. Links cephalosporin With substituted quinolone 

nucleus (not quinolone antibiotic) 
B. Linking agent—acid chloride of quiniolone 
C. Synthesis—multi-step 
D. Activity—good 
E. Cost—high 

5. Haskell, Warner-Lambert, US. Pat. No. 4,404,201 
A. Links cephalosporin-quinolone nucleus (not qui 

nolone antibiotic) 
B. Linking agent—imidaZole 
C. Synthesis steps—multiple 
D. Activity—good 
E. Cost—high 

For example, the ?uoroquinolone antibiotic inhibits DNA 
synthesis in the bacteria; Cell Wall synthesis is inhibited by 
the beta lactam antibiotic; and protein synthesis of the 
bacterial cell is stopped by a Wide variety of antibiotics, e. g., 
tetracyclines, metronidaZole, chloramphenicol, 
clindinomycin, aminoglycosides, erythromycin, aZithromy 
cin and vancomycin. The last named, vancomycin, is also a 
cell Wall synthesis inhibitor and has been the antibiotic of 
choice in attacking staphylococcus infections. 

DEFINITIONS OF BETA-LACTAMS 

There are a number of classes of antibiotics Which may be 
designated “beta-lactams.” 

1. Penicillins 

2. Cephalosporins 
3. Monobactams 

4. Carbapenems 
All four classes of beta-lactams process several features in 

common: 

1. a 4-membered ring termed a [3-lactam ring. This ring is 
chemically sensitive to acid and to some bacterial 
enzymes. 

2. Three of the four types have a ring fused to the [3-lactam 
ring, but not the monobactam type. 

3. All possess a carboXyl group pendant to the ring fused 
to the [3-lactam ring, or a carboXyl group on a side chain 
pendant to the [3-lactam ring. 

4. All possess an amino or hydroXyl group on the pendant 
side chain of the [3-lactam ring. 

From a microbial point of vieW all four classes of 
[3-lactams interfere With cell Wall synthesis of bacteria. 

These four classes of antibiotics have been designated as 
“beta-lactams” in modern pharmacology books. See, for 
eXample, pages 724—737 of Chapter 43 in “Basic and 
Clinical Pharmacology,” B. G. KatZung, Appleton and 
Lange, 7”1 edition, 1998, Stamford, Conn. 

SUMMARY OF THE INVENTION 

The general formula for the three antibiotic species is 
given beloW 
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in Which Q is a Quinolone antibiotic joined to a Beta-lactam 
antibiotic B by means of an amide group, or an ester group, 

and the Beta-lactam antibiotic is then joined by means of a 
linkage. 

o 
// 

in Which Z is an oxygen or a nitrogen atom, and A is an 

antibiotic draWn from the following group: 

. Tetracyclines (all) 

. MetroindaZole 

. Chloramphenicol 

. Clindinamycin 

. Aminoglycosides (all) 

. Erythromycin 

. AZithromycin 

. Vancomycin 

The initial step in these syntheses is the conversion of the 
Quinolone to an acid chloride by means of reaction With 
thionyl chloride. The second step is the reaction of the 
Quinolone acid chloride With a Beta-lactam type bearing an 
amino group. The third step is the conversion of the carboXyl 
group of the Beta-lactam molecule to an acid chloride 
utiliZing the reagent triphenyl phosphine and carbon tetra 
chloride. The fourth step in the reaction sequence is the 
reaction of the Beta-lactam acid chloride With the third 
component draWn from the list of eight antibiotics above, 
Which forms With an amide linkage or an ester linkage. 

The three-component antibiotic produced is suitable for 
the treatment of a Wide variety of bacterial infections in man 
and animals, and Will reduce substantially the possibility 
that antibiotic resistant strains of bacteria Will develop. 

It Will be noted that the chemistry has been selected to 
avoid structural changes in the components, and chirality is 
also maintained. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. Composition of Three Antibiotics 

The synthesis of the general formula 

/ 
Q—CONH—B—C—Z—A 

for the antibiotic composition is detailed beloW, in Which 
Q—is a quinolone, B—is a Beta-lactam, Z—is an oXygen or 
nitrogen and A is a third component, an antibiotic. 

The initial step is the conversion of a Quinolone to the 
corresponding acid chloride 
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COOH 

o 

CH2CH3 

Y N 

COCl 

o 

in Which R is an alkyl group and Y is an amine substituted 
group Without a free amine group 

O?oXacin 

O 

F COOH 

CH3—N N N 

O\)\ CH3 
OfloXacin 

and NalidiXic Acid 

CH2CH3 

H3C N N / | | 

\ COOH 

O 

NalidiXic acid 

and Pe?oXacin 

O 

F COOH 

CH3N N T 
C2H5 

Pefloxacin 

are example Quinolone antibiotics. 

The conversion to the corresponding acid chlorides is 
straightforWard and utiliZes SOCl2. 
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O 

F COOH 

I socl2 
—> 

CH3N N T 
C2H5 

PefloXacin 

O 

F COCl 

N N 

< > CH2CH3 
N 
/ 
CH3 

PefloXacin acid chloride 

There are no isomers resulting from this reaction, the 
product is a singular one immediately useful in the synthesis 
sequence. 

The reaction With nalidiXic acid, or O?oXacin is analgous 
to the Pe?oxacin reaction, When thionyl chloride is the 
reagent for conversion to the acid chloride. 

The presence of the quinolone component inhibits the 
DNA gyrase enzyme essential to bacterial multiplication. 

The second step in the synthesis sequence is the conden 
sation of the Quinolone acid chloride With the Beta-lactam 
type antibiotic. The purpose of this component is to cause 
inhibition of the cell Wall synthesis by bacteria. 

15 

25 

6 
The folloWing penicillins Will be employed: 

H 

H 
O 

CH— COOH 

general formula 

in Which R is: 

O 

ampicillin 

HO 

O 

H 

amoXicillin 

The folloWing Cephalosporins Will be employed: 

O H 

COOH 

Wherein R1 and R2 are as listed, 

R1 R2 Name 

—CH3_ CephaleXin 

TH_ 
NHZ 

—CH3_ Cephradine 

NH; 

—CH3_ CefadroXil 
CH— 

NHZ 
HO 

—Cl Cefaclor 

Gee 
NHZ 

—CH2OCOCH3. Ce?oXamine 
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-continued 

R1 R2 Name 

N N Cefamandole 

CH_ || —CH2—S—II\ /N 
OH T 

CH3 

l l C— H Ceftriaxone 

l 1 N—OCH3 CH3\ /N 
HZN s l 

—H2C—S \ N 

N I — —H CeftiZoXime 

)I\ N—OCH3 
HZN s 

The following miscellaneous types: in Which Q is the acid chloride Which interacts With an 
amino group on the Beta-lactam or related structure, to give 

Carbapenems _ _ 
30 an amide, or reacts With an hydroXyl group on the Beta 

lactam or related structure to give an ester. The reaction is 

HO H H conducted in pyridine, the presence of Which maintains a 
' : medium in Which the Beta lactam structure is stable. 

HC---C—C 
/ I B I S—R 35 . . . . . 

Hsc /C—N / An eXample typical of the amide type formation is given 
0/ beloW: 

COOH 

General Formula 

R: —CH2— CH2—NH— CH 
O H 

II | s CH3 
//O + R—CH—C—N 

45 Q—C—C1 CH3 
M b t NHZ N 
ono ac am 0 COOH 

s (i l I CH3 + )\ C\H 
H3N N TIZ/ N 50 

N N\ 
\O O 503' I Q—C—NH (? 
_ _ S CH3 

CH3 C COOH 55 R_CH_C_NH 

CH3 
CH3 N 

COOH 

The coupling of component 1, the Quinolone acid chlo 
ride With the componene 2, the Beta-lactam and related 
components gives the general formula 

//O 
65 

Speci?c example: 

The condensation of a quinolone acid chloride, nalidiXic 
acid chloride With ampicillin 
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CH2CH3 

HC N N ? T 3 s cH3 
/ + cH—c—N— 

I I | CH3 
NH '—N 

\ COCl 2 0/ COOH 

o 

CH2CH3 

H3C N N o H 
/ || | s cH3 

I I it 1IH—C—N—% CH3 
\ C—NH /'—N 

0 COOH 
o 

At the conclusion of the reaction the HCl is neutralized by 30 The coupling of the third component to the ?rst tWo is 
the addition of the stoichornetric quantity of sodium bicar- further accomplished as described below. 
bonate. (See EXperirnental for details). 

The reactions With all Quinolone acid chlorides With the 
Beta Lactarns and related carbapenerns, and rnonobactarns 
are conducted in analogous fashion. 35 //O //O 
A speci?c example of the condensation of a Quinolone Q—C—Z—B—C—Z—A 

acid chloride With an amino group bearing Beta-lactarn or 
related carbapenerns or rnonobactarn is given beloW: 

The general formula for the product is 

0/ CH2—S N/N 
0 COOH | 

cH3 
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in Which Q is a Quinolone, Z is Oxygen (as in an ester) or 

N (as in an amide), B is a Beta-lactam or monobactam, or 
carbapenem, and Ais an antibiotic draWn from the list noted 

above in the “Summary of the Invention” and also below. 
5 

“A” List 

1. Tetracyclines—(all) 
2. MetronidaZole 

CH2CH3 

H3C N N \ | 

/ 

O 

CH2CH3 

H3C N N \ | 

/ 

O 

50 
3. Chloramphenicol 

4. Clindinamycin 

5. Aminoglycosides—(all) 

6. Erythromycin 55 

7. AZithromycin 

8. Vancomycin 

60 
The initial step in the addition of the third component is 

the conversion of the ?rst tWo components, synthesiZed 

above, to an acid chloride utilizing an unusual reaction of 

carboXyl groups With triphenylphosphine and carbon tetra 
chloride Which does not generate acid Which Would desta 

biliZe the Beta-lactam type structures. 

65 

12 

H 

H | s cH3 
CH—C—N 

| CH3 + ¢3P + cc14 
CO—NH N 

0 COOH 

H 

H | s cH3 
CH—C—N 

| CH3 + ¢3PO + CHC13 
CO—N N 

| O COCl 
H 

An eXample of the reaction is, 

All quinolones (listed above O?oXacin, and nalidiXic acid 
and pe?oXacin) and the [3-Lactam and related structures and 
their condensation products react in analogous fashion With 
triphenyl phosphine and carbon tetrachloride in order to 
form the acid chloride. 

The coupling of the third component to the acid chloride 

formed of the tWo components, just described above, is 
carried out in pyridine solution With the antibiotics in the 

“A” as beloW: 

1. Tetracycline 
DoXycycline Will be utiliZed to demonstrate coupling to 

the “tWo component” acid chloride, but all generic tetracy 
clines may be utiliZed. 
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CH2CH3 

H3C—N N N O H 
H | s CH3 I CH—C—N 

| cH3 + 
F CO—NH N 

COCl 
O O 

OH O OH O 
OH 

cONH2 

OH 

Hsc OH OH N(CH3)2 

/—\ CH2CH3 
H3C—N N N O H 

\_/ || | 5 CH3 
CH—C—N 

CH3 
F CONH N 

C=O 
O O 

+ HCl 

0 O OH O 
OH 

CONHZ 

OH 

Hsc OH OH N(CH3)2 

18a 

60 

The phenolic group is the most neucleophilic group in the 
tetracycline molecule and Will be preferentially attacked by 2 Metronidazole 
the acid chloride. 

Chlortetracycline, oXytetracycline, tetracycline, The acid chloride resulting from the condensation of 

derneclocycline, rnethacycline and rninocycline Will react 65 Pe?oxacin and ampicillin followed by reaction With mph 
With the “Z-CQmPOSitiOH” acid Chloride in the analagous enylphosphine and carbon tetrachloride reacts With rnetron 
fashion. idaZole as folloWs: 
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CH2CH3 

N o H 

H3C—N N H | 5 CH3 N I CH—C—N— I I 
| CH3 + 

F CoNH —N 03N N CH3 
0/ CoC1 | 

o CH3CH3oH 

CH2CH3 
| 

/ \ N o H 
H3C—N N H | s CH3 

\ / I CH— C—N 
| CH3 

F CoNH N %o 
O C 

o 

H3CUNO2 N 

The hydroXy ethyl group of the irnidaZole is attacked by 25 4. Clindinarnycin 
the acid chloride to form the ester. 

3. Chlorarnphenicol 
The acid chloride, resulting from the condensation of 

pe?oXacin and arnpicillin, folloWed by the reaction With 
triphenylphosphine and carbon tetrachloride, reacts With 30 
chlorarnphenicol as folloWs: 

Clindinarnycin is one of the feW antibiotics Which are 
effective against anaerobic infections and is used particu 
larly With gentarnycin for belly Wounds and septic abortions. 

OZN CH— CHNHCOCHClZ 



US 6,437,119 B1 
17 

The acid chloride resulting from the condensation of 
pe?oXacin and ampicillin, followed by the reaction With 
triphenylphosphine and carbon tetrachloride reacts With 
clindinamycin as folloWs, the secondary hydroXyl adjacent 
to the S—CH3 group on the ring being the most neucleo 
philic. 

CH2CH3 

18 
5. Aminoglycosides 
The aminoglycoside example utiliZed Will be gentamycin 

C1, but gentamycin C2, gentamycin C1, kanamycin, amika 
cin and tobramycin Will react analogously in the coupling 

5 scheme outlined beloW. For the example, gentamycin C2 
Will be utilized. 

0 C0C1 
o 

/—\ H3C—N N N (IT rlr 
CH3 \ / s CH3 

CH3 I o CH—C—N \< 
N H | CH3 
C3H7 C1—C—H F C—NH N 

o 
C0NH—C—H 0 CH 

/ 3 CH 
HO 0 N 3 

OH Cl—CH 

C=o 
SCH3 CoN CH 

OH C3H7 H HO O 

OH 

sCH3 

The acid chloride resulting from the condensation of 
pe?oXacin and ampicillin folloWed by reaction With triph 
enylphosphine and carbon tetrachloride reacts With genta 
mycin C1, as follows: 

0 

Formula I 

(|:H2CH3 
N 

s CH3 
| CH— CONH 

| CH3 ’' 
CON N 

| COC1 
O H 
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-continued 

CH3 

CH—NHCH3 NH2 

0 

O NH; 

NHZ OH O O 
OH 

CH3 

HO NHCH3 

(|:H2CH3 
N 

H3C—N N s CH3 
l CH—CONH 

| CH3 
F CONH N 

O 
0 C—0 

H3C—CH—NH—Me NH 

O 

O NH; 

NH2 HO O 

HO 
O 

H3C—NH 

H3C OH 

60 

All of the primary amino groups are essentially equivalent 6. Erythrornycin—A Macrolide 
Chemically, thus all three can be Seen as yielding Clinically The acid chloride resulting from the condensation of 
essentially the same product. It is also true that gentarnycins, 65 pe?oxaoin acid Chloride and ampieillih, followed by the 
tobrarnycin, and netilirnicin gave clinically similar results as reaction with triphenylphosphine and carbon tetrachloride, 
Well as arnikacin and kanarnycin. reacts With erythrornycin as folloWs: 
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(|:H2CH3 
N 

H3C—N N S CH3 
I CH—CONH 

CH3 
F CONH '—N 

C=O O 
O 

N(CH3)2 
CH3 

0 
Formula I + Erythromycin —> O 

H3C CH3 CH3 
0 O 

HO 

H3C CH3 
0 CH3 

CH3CH2 0 

TI: CH3 OH 
0 

CH3 OCH3 

30 

7. AZithromycin—a macrolide 
The condensation of the acid chloride Formula I With 

AZithromycin takes place as folloWs to give the trio of 
antibiotics, into a single composition: 

I \ N 

CH3— N S CH3 
I CH—CONH 

| CH3 
F CONH N 

CO 0 
0 

TH3 
FormulaI+AZithromycin —> H3C 

HO O N(CH3)2 

H3C 

H C—CH 
3 2 O 

OCH3 CH3 
CH3 

CH3 
0 

OH 

CH3 
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8. Vancomycin 
The condensation of the acid chloride Formula I With 

Vancomycin takes place as beloW to give the antibiotics into 
a single composition. The free amino group is the most 
neucleophilic group and reacts With the acid chloride 
(Formula I) preferentially. 

Formula I + Vancomycin —> 

5 

24 
Procedure B—The Condensation of a Quinolone Acid Chlo 
ride With a Beta Lactam, Carbapenem, or Monobactam (all 
of Which possess a pendant amino or hydroxyl group. 
The reactions are all conducted at the 0.01 mole scale, 

employing the product of reaction of “A” above. The residue 
from reaction “A” above is taken up in 25 ml of dry pyridine 

H3CH2C 
| o 
N H 

H3C—N N I CH— C—NH 

CONH 

F o 

0 

Experimental 
Procedure A—Conversion of Quinolones to Acid Chlorides 

The conversion of all quinolone compounds possessing a 
free carboxyl group, but not a free amino group, is carried 
out by using an excess of thionyl chloride as the reactive 
agent by the procedure according to Shriner, et al, The 
Systematic Identi?cation of Organic Compounds, John 
Wiley, 1948. To 0.01 mole of the quinolone acid is added 5 
ml of thionyl chloride and the reaction is carried out in a 50 
ml RB ?ask equipped With a re?ux condenser, stirrer and 
thermometer and heating mantle and the reaction maintained 
at 50° C. for 4 hours, or until the evolution of SO2 and HCl 
ceases. 

The reaction product is obtained by evaporating the liquid 
solution to dryness at reduced pressure at 0° C. At all times 
the product must be protected from moisture. The residue 
product is retained for the next reaction in the sequence, the 
reaction of the quinolone acid chloride With the Beta-lactam 
type antibiotic, ie the penicillin, cephalosporin, carbap 
enem or monobactam. 

50 

55 

a O 

65 

in a 50 ml RB ?ask equipped With stirrer, thermometer and 
a means of heating and or cooling. 

EXAMPLE: 

The amoxicillin Beta-lactam, 0.01 mole is added to the 
pyridine solution of the acid chloride portionWise, not alloW 
ing the temperature to exceed 50° C. The reaction is main 
tained at 50° C. for an additional 4 hours and reaction is 
neutraliZed With 0.01 mole of NaHCO3 to yield an essen 
tially neutral solution Which is then evaporated at reduced 
pressure and 0° C. to yield a residue of product utiliZed in 
the folloWing reaction, “C,” of the acid chloride from 
reaction “B”. 
Procedure C—The Conversion of the Product B to an Acid 
Chloride via Treatment With Triphenyl Phosphine and Car 
bon Tetrachloride 

In order to avoid the destruction of the Beta-lactam 
structure by acid, the caroxyl group present in Formula I 
type products, from the condensation of the quinolone acid 
chloride With the Beta-lactam type structures, the acid 
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chloride is formed using the reaction of the carboxyl group 
With triphenyl phosphine and carbon tetrachloride to yield 
the acid chloride, triphenyl phosphine oxide and chloroform. 

The procedure is that of J. Org. Chem, 48, 3727 (1983) 
for the preparation of Beta-naphthoyl chloride from Beta 
napthoic acid, triphenyl phosphine resin and carbon tetra 
chloride. 

The residue product from “B” above Formula I is dis 
solved in 25 ml of dry carbon tetrachloride, placed in a 50 
ml RB ?ask equipped With stirrer, thermometer, re?ux 
condenser. To the stirred solution at ambient temperature 
0.01 mole of triphenyl phosphine is added and the reaction 
maintained at re?ux for 4 hours. At the completion of the 
reaction the phosphine product is evaporated to dryness 
under vacuum at 0° C. to yield the acid chloride product. 
Procedure D—Condensation of the Acid Chloride from “C” 
Above With an Antibiotic Possessing a Reactive Hydroxyl 
Group, Said Antibiotic Possessing the Capability of Inhib 
iting Bacterial Protein Synthesis 

The residue from Reaction “C” above is reacted With 0.01 
mole of any antibiotic selected from list “A” in the Detailed 
Discussion of the Invention above. 

The reaction product from “C” above, Formula Was 
placed in 25 ml of pyridine solution in a 50 ml RB ?ask 
equipped With re?ux condenser, stirrer, thermometer and 
heating mantle. To the stirred mixture 0.01 mole of the 
antibiotic form list “A” Was added and the reaction heated to 
50° C. and maintained at the temperature for 4—8 hours. At 
the conclusion of the reaction 0.01 mole of NaHCO3 Was 
added in small portions to neutraliZe the HCl product. The 
product Was isolated by evaporation to dryness. 
Procedure E—Condensation of Antibiotic Containing a Free 
Amine or Secondary Amine Group 

The method is analagous to the just described steps “A,” 
“B” and “C” for antibiotics containing a primary hydroxyl 
group, or phenolic hydroxyl. 

Product characteriZation—all products are characteriZed 
utiliZing FTIR spectra to determine the presence of the acid 
chloride, and ester or amide bands as appropriate. 

Final products contain a minimum of by products and can 
be evaluated, Without puri?cation, or by liquid chromatog 
raphy or TLC, for antimicrobial activity. 

All compounds Will obviously be active and the most 
active easily selected by classical antibiotic sensitivity tests. 

To summariZe, the preferred process steps for forming the 
tWo-antibiotic composition, folloWed by the steps to form 
the three-antibiotic compositions folloWs: 

1. A ?uoroquinolone is converted to the ?uoroquinolone 
acid chloride via reaction With thionyl chloride. 

Et 

Me—N N IL 

1 + socl2 —> 
F C COOH 

A 
Et 

Me—N N IL 

1 + $02 + HCl 
F C COCl 

(ll 
This is a clean single step reaction With no isomers or 

byproducts formed, that is carried out under mild conditions. 
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2. The second step involves the reaction of the ?uoroqui 

nolone acid chloride With a beta-lactam possessing a pen 
dant OH (hydroxyl) or NH2 (amino) to form an ester or an 
amide. Since the [3-lactams are all sensitive to acid Which 
Will lead to a destruction of the [3-lactam ring, the reaction 
is carried out in a basic solvent, pyridine. The pyridine 
solvent Will prevent the HCl formed from attacking the 
[3-lactam ring. 

0 H 

H | s CH3 
Q—COC1 + CH—C—N _, 

CH3 
NH; N 

0 COOH 

|| 5 CH3 
CH—C—NH— + HCl 

CH3 
/ N 

NHO 0 COOH 
// 
C—Q 

3. The third step involves the conversion of the single 
composition of tWo antibiotics produced in step 2 to the 
corresponding acid chloride. This conversion of the pendant 
carboxyl group to the corresponding acid chloride is 
achieved Without the formation of the acidic byproduct by 
the folloWing general reaction: 

3 

O 

3 

The acid reacts With triphenyl phosphine and carbon 
tetrachloride to form the acid chloride, triphenyl phosphine 
oxide and chloroform under mild conditions. 

4. The fourth step involves the condensation of the acid 
chloride product of step 3 With one of the antibiotics from 
the folloWing group: tetracycline, metronidaZole, 
chloramphenicol, clindinamycin, an aminoglycoside, 
erythromycin, aZithromycin, vancomycin, all of Which pos 
ses a pendant OH, NH, or NH2 and react With the acid 
chloride to form an ester (With the pendant OH) or an amide 
(With the pendant NH or NHZ). Speci?cally, 

O — C—NH- [5-1actam-C— C1 + Antibiotic-3-NH2 

OT 
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the group consisting of cephaleXin, cephradine, 
cefadroXil, cefaclor, ce?oXamin, ceftriaXone and cefti 
ZoXime and penicillins selected from the group con 
sisting of ampicillin and amoXicillin to form a com 

5 pound having tWo antibiotic functions and HCl; 
What is claimed is: 
1. Process for preparing a compound from a plurality of 

antibiotics comprising, in sequence: 

adding a stoichiometric quantity of bicarbonate of 
sodium to neutraliZe the HCl formed in step (b) and 
forming CO2 and an inert alkali or alkaline earth metal 

a. treating a quinolone selected from the group consisting Chloride and Said Compound having two antibiotic 

pound having tWo antibiotic functions and HCl; 
. adding a stoichiometric quantity of bicarbonate of 
sodium to neutraliZe the HCl formed in step (b) and 
forming CO2 and an inert alkali or alkaline earth metal 
chloride and said compound having tWo antibiotic 
functions: 

. removing the solvent used in step (b) and the CO2 
formed in step (c) by evaporation in vacuo to isolate 
said compound having tWo antibiotic functions and 
said inert chloride. 
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of 1nalt?lixiéz acid, peé?oxactzlm, and o?oiiiacm With tlhio- functions; 
n c on e o ro uce e corres on in u1no one , , 
aZid Chloride p p g q d. removing the solvent used in step (b) and the CO2 

. ’ . . . . . formed in ste c b eva oration in vacuo to isolate 

. condensing said quinolone acid chloride in a solvent Said Com ougdgzwgl W50 antibiotic functions and 
consisting of pyridine, With a [3-lactam selected from . . p . g 

. . . 15 said inert chloride' 
the group consisting of cephalosporins selected from _ _ _ ’ _ _ _ _ _ 

the group Consisting of cephalexin, Cephradine, e. mixing said compound having tWo antibiotic functions 
cefadroXil, cefaclor, ce?oXamin, ceftriaXone and cefti- Wlth a maryl PhOSPhme and Carbon tetrachlqnde> to 
ZoXime and penicillins selected from the group con- f0n_n_an_ acld chlonde of Sald Compound havlng tWO 
sisting of ampicillin and amoXicillin to form a com- 20 antlblotlc fuIlCtlOIlS; 

mixing said acid chloride formed in step (e) With said 
solvent used in step (b) With a third compound selected 
from the group consisting of tetracycline, 
metronidaZole, chloramphenicol, clindamycin, 
erythromycin, aZithromycin and vancomycin to pro 
duce a compound having three antibiotic functions and 
HCl, chloroform and solid inert triarylphosphine oXide; 
removing HCl, chloroform and said solvent to isolate 
said compound having three antibiotic functions and 
said inert triphenylphosphine oXide, by evaporation in 

2. Process for preparing a compound from a plurality of 
antibiotics comprising, in sequence: 

a. treating a quinolone selected from the group consisting 
of nalidiXic acid, per?oXacin, and o?oXacin With thio 
nyl chloride to produce the corresponding quinolone 35 
acid chloride; 

b. condensing said quinolone acid chloride in a solvent 
consisting of pyridine, With a [3-lactam selected from 
the group consisting of cephalosporins selected from * * * * * 

vacuo; 

. dissolving the isolated materials formed in step (g) and 
pouring said materials onto a column of alumina or 
silica gel; 

H. . adding successive polar solvents With a small amount of 
ethanol to separate said triarylphosphine oXide from 
said compound having three antibiotic functions. 


